Abstract Patients at increased familial risk of cancer are sub-optimally identified and referred for genetic counseling. We describe a systematic model for information collection, screening and referral for hereditary cancer risk. Individuals from three different clinical and research populations were screened for hereditary cancer risk using a two-tier process: a 7-item screener followed by review of family history by a genetic counselor and application of published criteria. A total of 869 subjects participated in the study; 769 in this high risk population had increased familial cancer risk based on the screening questionnaire. Of these eligible participants, 500 (65.0 %) provided family histories and 332 (66.4 %) of these were found to be at high risk of a hereditary cancer syndrome, 102 (20.4 %) at moderate familial cancer risk, and 66 (13.2 %) at average risk. Three months following receipt of the risk result letter, nearly all respondents found the process at least somewhat helpful (98.4 %). All participants identified as high-risk were mailed a letter recommending genetic counseling and were provided appointment tools. After 1 year, only 13 (7.3 %) of 179 high risk respondents reported pursuit of recommended genetic counseling. Participants were willing to provide family history information for the purposes of risk assessment; however, few patients pursued recommended genetic services. This suggests that cancer family history registries are feasible and viable but that further research is needed to increase the uptake of genetic counseling.
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Background
Up to 10 % of cancer is attributed to highly penetrant hereditary cancer syndromes (HCS) and more than 45 different HCS, associated with a broad range of cancers, have been described [1] [2] [3] . Identification of patients and families with HCS affects both cancer treatment and screening measures. For example, in the well-studied BRCA1 and BRCA2 genes, deleterious mutations confer a significantly increased risk of breast and ovarian cancers as well as other cancers. For this reason, it is commonly accepted that increased cancer screening and cancer prevention measures should be considered [4] . Many other HCS also have clearly delineated cancer risks and effective screening and prevention protocols. Based on this evidence, consensus groups have published statements promoting the identification and genetic testing of individuals at increased hereditary risk of cancer, including the American Society of Clinical Oncology, the National Comprehensive Cancer Network, the American College of Medical Genetics, the National Society Genetic Counselors, the U.S. Multi-society Task Force on Colorectal Cancer, U.S. Preventive Services Task Force, among others [1, [5] [6] [7] [8] [9] [10] .
While referral to genetic counseling for high-risk families has been promoted, no routine risk assessment process has been systematically adopted for identifying patients in need of genetic counseling for cancer risks [11] . Several barriers to family history evaluation exist: insufficient collection of family history information by healthcare providers, poor identification of hereditary cancer indicators, insufficient or inappropriate referral for genetic counseling services, and inconsistent management of families at increased familial risk of cancer [12] [13] [14] [15] [16] [17] [18] . Thus there are inherent limitations to depending on providers to collect family history and identify at-risk patients. Comparatively, family cancer histories taken directly from the patient generally tend to be complete, coherent and most frequently accurate about first degree relatives [19] . Several paper and online programs to collect family history directly from patients have been developed; early reports suggest that patients will readily complete family history questionnaires and pursue genetics services without adverse psychological impact [20] [21] [22] [23] [24] .
In order to address recommendations of identification and referral for cancer genetic counseling, we developed and studied the feasibility of a familial cancer registry as a means for family history collection as well as risk assessment. The breadth of hereditary cancer risk is described as part of the study as well as the adherence to recommendations for cancer genetic counseling for participants found to be at high risk for hereditary cancer.
Methods
Recruitment
From April 2009 through May 2011, three populations were identified for recruitment into the William C. Bernstein M.D. Familial Cancer Registry (''The Bernstein Registry'') at the University of Minnesota. The selection was a convenience sampling of volunteers presenting for cancer treatment or family history of cancer. One cohort, the Minnesota Colorectal Cancer Initiative (MCCI) registry, was a previous collection of participants triaged for hereditary colorectal cancer risk using a simple, paperbased family history questionnaire. The second group was from the patient population of the Women's Health Clinic (WHC) at the University of Minnesota. This cohort was limited to women who received care at the WHC between September 2006 and September 2010 for ovarian, peritoneal, fallopian tube or endometrial (less than age 50) cancers or due to a family history of cancer. The third group consisted of women diagnosed with early-onset breast cancer (before age 50) ascertained through the affiliated Fairview Hospital Tumor Registry (FTR).
Study design
The Bernstein Registry and this study were reviewed and approved by the University of Minnesota Institutional Review Board. The study included seven steps: (1) mailed invitation; (2) screening eligibility questionnaire; (3) consent and telephone family history interview; (4) risk assessment; (5) mailed result letter including pedigree and recommendations/information on genetic counseling; (6) mailed satisfaction survey 3 months after receipt of risk result letter and (7) mailed follow-up survey 1 year after receipt of risk results and recommendations regarding genetic counseling (Fig. 1 ).
Invitation and screening questionnaire
The 7-item screening eligibility questionnaire was mailed along with an invitation letter. The invitation letter was either signed by a clinic physician (WHC) or the Director of the previous research or clinical registry (MCCI and FTR). The questionnaire was developed based on National Comprehensive Cancer Network-published familial risk assessment guidelines and clinical genetic counselor expertise [25, 26] . The purpose of the questionnaire was to identify participants likely to be at increased risk of cancer based on family history. The questionnaire was piloted in 15 cases previously assessed for hereditary cancer risk from the prior MCCI registry and 20 patients referred to the University of Minnesota Familial Cancer Clinic and familial cancer risk was assessed independently by the genetic counselor. Once edited, concordance was 100 % between questionnaire values (increased risk versus not increased risk) and genetic counselor-led risk assessment for both test groups. Any participant with at least one ''yes'' response on the screening questionnaires was considered at ''increased familial risk'' and eligible for subsequent participation in the Bernstein Registry.
Family history interview
Participants with potential increased risk based on screening questionnaires were consented and a telephone interview appointment scheduled. Participants were mailed a preparatory packet of materials. The telephone interview tool was designed by review of existing family history collection tools [27] [28] [29] . The format was developed based on the form used by the San Diego Colon Cancer Family Registry (http://epi.grants.cancer.gov/CFR/about_colon. html) with permission of the developers. Interviewers were trained by study staff experienced at collecting family history through several previous studies. These interviewers collected family history information including all first, second and third-degree relatives' ages or age at death, cancer diagnoses and age at cancer diagnosis using the devised scripted interview form. Interview data were recorded manually, coded and independently reviewed by a second trained interviewer for accuracy.
Risk assessment
Based on self-reported family history, four-generation pedigrees were prepared electronically (http://www.pro genygenetics.com/). The first 50 pedigrees were independently assessed by two board-certified genetic counselors and, due to the high degree of concordance, thereafter by at least one genetic counselor. For the HCS risk assessment analysis portion of the study, ''Hampel criteria'' were used for assessment [30] . The criteria selection was based on the following: (1) they were supported by a review of the risk assessment literature to that date; (2) they could be used on patient-provided family history information without data from medical records; (3) they could be assessed for nearly Fig. 1 Registry schema and risk assessment results: participants, based on recruitment source, with completed family histories were assessed for familial cancer risk based on modified criteria from Hampel et al. [30] . *C1 risk factor on screening questionnaire all potential HCS or associations; and (4) they were validated [30] . An updated version of these HCS risk assessment and referral criteria has recently been published [8] . Since the current referral guidelines were not available at the time of the study, subject risk assessment and referral patterns differ from updated guidelines.
Following risk assessment, a letter was then sent to participants summarizing their cancer risk level (high, moderate or average based on the ''Hampel Criteria''), the syndrome/cancer risk description, and if appropriate, a recommendation for pursuit of genetic counseling. A copy of the family pedigree was included along with instructions on how to read the pedigree. Additionally, high risk level assessment letters included information about the availability and advisability of utilizing genetics services, a contact list of local genetic service providers, current NCCN management guidelines (as appropriate) and an explanation of the purpose of genetic counseling were provided.
Satisfaction survey
A follow-up survey was mailed approximately 3 months after the risk assessment letter. Using a four-point Likert scale from ''not helpful'' to ''very helpful'', the survey addressed subjects' satisfaction with the following items: invitation materials, preparation materials for family history interview, interviewer, pedigree, and risk assessment letter. An additional question addressed participant information sharing: ''Did you share your information with anyone?'' Respondents were asked to indicate who they shared the information with: family member who lives with you, family members not in household, personal physician/ primary care provider, genetic counselor, other health care provider (specified) and other. The phrasing of this question recognized that genetic counseling appointments may be difficult, in some cases, to obtain in the three elapsed months. However, this question provided information about whether the participant recognized the utility of sharing the information with relevant individuals, including medical providers.
Follow-up survey
A follow-up survey was mailed 1 year from receipt of risk information to ascertain uptake of genetic counseling and testing. Alternative contact information was also requested in order to allow re-contact as necessary.
Statistical methods
Demographics, cancer family history, and hereditary cancer risk assessments were summarized for participants and compared by recruiting clinic using Chi squared and Fisher's exact tests as appropriate. Items related to satisfaction with participation in the registry were summarized. Number of respondents, relative frequencies, means and standard deviations (SD) are reported. All statistical analyses were performed using SAS 9.3 (SAS Institute, Cary, NC) and p values of \0.05 were considered statistically significant.
Results
Screening questionnaire
A total of 1992 invitations to participate were sent to individuals in the WHC, MCCI and FTR cohorts (Fig. 1) . Of these, 869 subjects (44 %) agreed to participate by completing the mailed screener. Based on the screener, 769 (88.5 %) were eligible for enrollment into the registry because one or more family history factors indicated an increased risk for hereditary cancers. Of the 769 eligible subjects, 500 (65.0 %) completed the family history interview. Table 1 outlines the demographic distribution of the participant population across the three clinics. As would be expected from the nature of the relevant cancers, the participants differed significantly by clinic patient population in terms of age (p \ 0.0001), sex (p \ 0.0001), and personal history of cancers (all p \ 0.01). The mean age of participants was 60 ± 12.7 years and the majority were female (82.0 %). As a result of the clinic patient sources, a greater number were at increased risk of an HCS-e.g., early-onset disease, known cancer diagnosis, or family history than would be expected in the population at large.
Risk assessment
Upon review by the genetic counselor, 332 (66.4 %) subjects were found to be at high risk for one or more HCS, 102 (20.4 %) were at increased or ''moderate'' for one or more type of cancer, and 66 (13.2 %) had no sign of elevated risk and were categorized as ''average'' cancer risk (Table 2) . Of note, participants could score in more than one category (i.e. high for one cancer and moderate for another cancer). Average risk implies the subject did not score high or moderate for any category and is at general population risk for cancer. The most commonly identified HCS risk was for colon cancer and next most common was breast-ovarian cancer. Participants from the WHC and MCCI cohorts were more likely to be high or moderate risk than those from the FTR (p = 0.03).
Satisfaction survey
Of the 500 enrolled participants, 312 (62.4 %) returned the satisfaction survey. The time interval between the subject's receipt of the risk assessment letter with recommendations for pursuit of genetic counseling and the return of the satisfaction survey averaged 4.8 months (range 3-16 months). Of all follow-up respondents, 98.4 % (307/ 312) found the letter explaining their cancer risk and recommendations for pursuit of genetic counseling to be at least ''somewhat helpful'' (Table 3) . A total of 229 (73.4 %) reported sharing the provided information regarding their cancer risk with someone: family members (51.1 %), healthcare provider (18.8 %) and/or genetic counselor (5.7 %).
Follow-up survey
Among all participants who completed the family history interview, 402 (80.4 %) completed the follow-up survey an average of 23 months (range 12-34) following the initial risk assessment letter. Prior to risk assessment, 125 subjects reported previously having genetic counseling with a remaining 370 reporting no genetic counseling experience (Fig. 2) . Analysis was performed on those without previous genetic counseling in order to assess the uptake of genetic counseling. Of the 370 without previous genetic counseling, 295 (79.7 %) returned the follow-up survey. Of the 179 ''High risk'' respondents without previous genetic counseling, only an additional 13 (7.3 %) complied with the risk assessment letter recommendation and pursued genetic counseling. Thus, the majority of participants who received a recommendation to have genetic counseling did not make appointments during an approximate 2-year follow-up.
Discussion
In 2005, the United States Preventive Services Task Force (USPSTF) recommended that women with family history factors indicating an increased risk for breast and ovarian cancer be referred for genetic services. By 2015 the National Comprehensive Cancer Network and American Society for Clinical Oncology, as well as several other consensus groups, confirmed the need to identify people b High risk cluster includes C3 cases of (in one lineage): bladder, brain, endometrial, esophageal, kidney, lung, mouth or throat, multiple myeloma, pancreatic, sarcoma, other skin cancer, testicular, hematological malignancies (in first or second degree relatives) c A category created for participants reporting genetic testing results and/or a known hereditary cancer syndrome which would place subject in high risk category regardless of family history d Polyposis defined as a moderate risk category (modification to existing criteria) with a hereditary cancer risk who would benefit from referral for genetic counseling. This study outlines the results of a process for screening for hereditary cancer based on reported patient family history. Overall, several points arise from the results of this study: (1) populations enriched for hereditary cancer risk are willing to participate in a hereditary cancer risk assessment program; (2) a significant number of cancer patients or patients with family history of cancer carry familial factors that increase their risk of cancer; and (3) despite willingness to participate in research, few participants informed of their increased hereditary risk of cancer pursue genetic counseling when the sole intervention is a letter describing the increased risk and providing recommendations and information on genetic counseling.
Familial cancer registry experience
Since many genetics research studies are dependent on large population pools with matched family history data, it is vital that registries exist to further future genetics research. For this reason, both in-house and multi-center registries have been developed including the Colon and Breast Cancer Family Registries. With the expansion of cancer genetic counseling services and increased knowledge of cancer genetic counseling and testing on the part of Fig. 2 Genetic counseling recommendation uptake (C12 months from recommendation letter) medical institutions, providers, and patients, it is important outline the process of development of a successful registry. We found that a significant number of at-risk patients agreed to participate in our risk assessment program with an uptake rate of 52.8 %. Comparatively, use of a similar tool, ''Health Heritage'' found only a 9.5 % return rate in a primary care population and 17.7 % uptake rate in a recruited population [31] . Another tool, ''Family Healthware'' had a 19 % overall recruitment rate [28] . It is presumed that the favorable recruitment of our study may be due to the fact that our study pool was enriched for cancer patients and previous study participants, both highly motivated at-risk populations.
The response rates for the satisfaction and follow-up surveys in the registry participants remained high (62.4 and 80.4 %, respectively) over time suggesting a strong degree of commitment to research participation and involvement in the registry. The participants reported satisfaction as well with the process including 98.4 % of subjects finding the letter and recommendation at least ''somewhat helpful'' or better. This suggests that development of familial cancer registries is feasible and that retention of subjects is possible. Given the high rate of increased familial cancer risk (88.5 % of participants) in this study, it suggests that motivated patients can be a rich resource for development of familial cancer registries.
Future considerations
While not a focus or specific aim of the Bernstein Registry study, low uptake of recommendation of genetic counseling was identified. Following the characterization of the BRCA1 and BRCA2 genes in 1994 and 1995, respectively, several studies documented high predicted uptake rates for genetic testing in these research cohorts [32] [33] [34] . Over time, genetic testing has become more firmly entrenched in clinical care as hereditary cancer risks were quantified, tests improved and management and treatment regimens codified. However, the actual uptake rates for genetic testing have consistently fallen below original predicted rates [35] . Uptake of genetic counseling itself and/or genetic risk assessment has been less extensively studied; however; findings also suggest a reduced uptake rate of these services [36, 37] .
In the literature, very limited data exist regarding uptake rates for genetic counseling, especially when differentiated from genetic testing. A recent study evaluating the efficacy of an online risk assessment program found that if those with genetic counseling recommendations were referred by their providers, only 21 % attended a genetic counseling session [38] . Similar to our findings, another study using a letter of referral for genetic counseling from the treating physician did not appear to strongly influence patients' decisions to pursue genetic counseling [37, 39] . Literature on behavioral change suggests that there are multiple discrete stages of change and that perhaps stage-based appeals which address where a patient is in the decision-making process may increase the acceptance rate of genetic counseling [40] . Future research on reasons for the low uptake of recommended genetic counseling services is an interesting subject deserving of in-depth research and thus is under preparation as separate research question.
On-going use of the registry is another future consideration and one which will require use of up-to-date risk assessment tools. Since the original development of the study, the ''Hampel Criteria'' have been updated and published by a joint commission of the American College of Medical Genetics and Genomics and the National Society of Genetic Counselors [8] . Also, the National Comprehensive Cancer Network has updated the Genetic/ Familial High Risk Assessment: Breast and Ovarian and has added the Genetic/Familial High Risk Assessment: Colorectal. The expansion of these guidelines to include several other cancer syndromes beyond BRCA1 and BRCA2 has made these guidelines more useful in comprehensive identification of hereditary cancer syndromes. Application of these current guidelines and/or other guidelines to the family histories in the Bernstein Registry would change the risk assessment, in some cases. For example, the Society for Gynecologic Oncology in October 2014 recommended that all epithelial ovarian, peritoneal and fallopian tube cancer patients be referred for genetic counseling and consideration of genetic testing regardless of family history (www.sgo.org/clinical-practice/guide lines/genetic-testing-for-ovarian-cancer/). This is a stronger statement than the ''moderate risk'' category typically assigned to these patients in the original criteria. It is recognized that future registries and studies would be developed using these updated criteria.
This report of the Bernstein Registry outlines the development of a successful familial cancer registry and provides several avenues for future research and refinement.
Conclusion
A patient-directed familial cancer risk assessment process was developed and evaluated in a study population enriched for hereditary cancer risk. Participation and satisfaction in the process were high; however, pursuit of genetic counseling services was limited, even in this high risk population. Future studies, utilizing updated criteria and tailored to stages of decision-making, would clarify the most effective means to ensure needed genetic information is received and utilized by families at greatest risk of hereditary cancer.
